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This application claims the benefit under 119(e) of US Provisional application 
60/383,594, filed May 29, 2002, the disclosure of which is incorporated by reference. 

FIELD OF THE INVENTION 

The invention relates to cell telephones and in particular to cell telephones adapted so 
that a cell telephone user can establish contact with another cell phone user responsive to the 
latter ! s position. 



Circumstances arise in which a person is interested in establishing contact with 
another person he or she sees but does not know. Often, in such circumstances it is 
inconvenient, improper or perhaps too daunting for the person to walk up to the other person, 
introduce himself or herself and make the other's acquaintance. For example, a person might 
see another person in a crowd to whom he or she is attracted but cannot approach because the 
other person is involved in an activity that it would be rude to interrupt. Or a person might 
want to make the acquaintance of another person who is presenting a topic to a group of 
people but cannot wait until the other person finishes in order to introduce himself or herself 
to the other person. In such circumstances it would be advantageous for the person to be able 
to relatively easily establish discrete contact with the other person and exchange sufficient 
information to enable the two people to get in touch with each other at a later opportunity if 
the exchanged information warrants. 

Benefon of Finland markets a GSM phone that comprises a GPS receiver, which 
provides coordinates of the location of a user of the phone. The GSM phone is described in 
the company's product data sheets [online]; [retrieved on May 21,2003]; retrieved from the 
internet <URL:www.benefon.cona/products/esc/product_data.htm>. Users of the phones may 
determine locations of friends who also use the phones by requesting and receiving via SMS 
messages transmitted over the GSM network, the GPS coordinates of their respective 
locations. Coordinates of friends that a user of a Benefon phone receives are displayed on the 
phone's display screen over a background of a suitable map to indicate the friends' locations. 
However, the phone cannot generally be used by its user to approach and/or determine the 
location of a stranger, since access to another person's GPS coordinates requires that the other 
person's phone number be known, and presumably a stranger's phone number is not known. 
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SUMMARY OF THE INVENTION 

An aspect of some embodiments of the present invention relates to providing a 
communication system that enables a first person to discretely exchange information with a 
5 second person responsive substantially only to the second person's spatial location in the first 
person's field of view. Optionally, the first person does not have to know the second person or 
any of the second person's personal data in order to establish contact and exchange 
information with the second person. 

According to an aspect of some embodiments of the present invention the 
10 communication system comprises cell phones, hereinafter referred to as "radar phones", at 
least some of which comprise circuitry for transmitting a radio beacon (RB) signal and at least 
some of which comprise direction-finding (DF) circuitry. The RB and DF circuitry in the cell 
phones are in addition to conventional circuitry for supporting conventional cell phone 
telephony. 

15 In accordance with an embodiment of the invention, a radar phone operated in a DF 

mode by a person transmits at least one optionally non-directional signal, hereinafter an 
"interrogation signal". The interrogation signal has sufficient intensity so that it is readily 
receivable by radar phones operating in a radio beacon (RB) mode that are carried by people 
located in at least a portion of the operator's field of view in a neighborhood of the operator. 

20 Each RB mode phone that receives the interrogation signal responds by transmitting a signal, 
i.e. a "radio beacon signal", comprising a CW signal and ID data that can be used to identify 
the radar phone transmitting the RB signal and/or its operator. The DF and RB phones 
transmit and receive interrogation and radio beacon signals at a frequency or frequencies in a 
suitable frequency band, hereinafter a "DF channel", which may for example be a portion of 

25 the bandwidth used for conventional cellular telephony or an ISM band. 

RB signals transmitted by the RB phones that are received by the DF phone are 
processed by the DF phone to determine azimuths and optionally ranges for locations of the 
transmitting RB phones. Once the DF phone determines azimuths and optionally ranges for 
the RB phones, positions of the RB phones are indicated on a display screen of the DF phone. 

30 Optionally, the positions are indicated by suitable icons, hereinafter "RB icons", displayed on 
the DF phone screen against a background display of a radar screen. The location of the RB 
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icons on the "radar screen" correspond to the spatial locations of the RB phones relative to the 
DF phone orientation. 

By scanning his or her field of view and the radar screen display of RB icons, the 
operator can associate a given RB icon with a corresponding person in the field of view. 
5 Using any of various methods known in the art, the operator selects an RB icon on the screen 
corresponding to a particular person in the operator's field of view with whom the operator 
would like to establish contact. 

Following selection of the icon, the operator may then use the DF phone to transmit, 
optionally over the DF channel, a suitable SMS message to the selected person's radar phone 

10 providing data that would enable the selected person, if the selected person wishes, to contact 
the operator. The SMS message comprises ID data comprised in the RB signals received from 
the selected person's radar phone that identifies the selected radar phone. Radar phones that 
receive the SMS message operate responsive to the ID data so that only the radar phone for 
which the SMS message is intended accepts the message and stores it in' a cell phone memory. 

15 In some embodiments of the invention, if the ID data transmitted by the selected person's RB 
phone comprises a cell phone number, the operator may control his or her DF phone to 
transmit an SMS message to the selected RB phone by conventional cell telephony. 

In accordance with an aspect of some embodiments of the present invention, the 
direction finding circuitry in a radar phone comprises a Watson- Watt direction finder having 

20 two identical antennae. The direction finding circuitry processes signals sensed by both 
antennae to determine azimuths and ranges using methods known in the art. Cell telephony 
circuitry uses one of the antennae to transmit and receive conventional telephony signals. The 
radio beacon transmitting circuitry may be any suitable transceiver known in the art that can 
receive signals transmitted over the DF channel and transmit a suitable radio beacon for a 

25 radar phone operating in an RB mode, in accordance with an embodiment of the present 
invention. 

The DF and/or RB circuitry in a radar phone is coupled to the phone's antennae via 
switching circuitry that protects the DF and/or RB circuitry from being damaged by 
conventional telephony signals generated by the cell phone. In accordance with some 
30 embodiments of the present invention the switching circuitry automatically prevents operation 
of the phone in the DF or RB mode from interfering with conventional cell telephony. 
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There is therefore provided in accordance with an embodiment of the present 
invention a direction finding system comprising: at least one first hand holdable unit 
comprising circuitry that transmits a radio beacon signal; and at least one second hand 
holdable unit having a display screen and comprising direction finding (DF) circuitry that 
5 receives a radio beacon (RB) signal transmitted by a first unit of the at least one first unit and 
determines from the received radio beacon signal an azimuth angle for the location of the first 
unit; wherein the controller generates a display on the display screen responsive to the 
azimuth angle that indicates a location of the first unit. Optionally, the direction finding 
circuitry comprises Watson Watts direction finding circuitry. 
10 Optionally, the at least one second unit comprises for receiving RB signals, a first 

antennae and a second antenna electrically connected to the Watson Watts direction finding 
circuitry. Optionally, a difference in signal attenuation between the electrical connections of 
the antennae to the Watson Watts circuitry is less than about 0.3 dB. Optionally, a difference 
in signal attenuation between the electrical connections of the antennae to the Watson Watts 
15 circuitry is less than about 0.2 dB. Optionally, a difference in signal attenuation between the 
electrical connections of the antennae to the Watson Watts circuitry is less than about 0.1 dB. 

In some embodiments of the present invention, the antennae have an electrical length 
less than about one fifth the wavelength of a carrier wave of the radio beacon signal. 
Optionally, the antennae have an electrical length equal to about one sixth the wavelength of 
20 the carrier wave of the radio beacon signal. 

In some embodiments of the present invention, the two antennae are spaced apart by a 
distance less than about one fifth of the carrier wavelength. Optionally, the two antennae are 
spaced apart by a distance equal to about one eighth of the carrier wavelength. 

In some embodiments of the present invention, the Watson Watts circuitry determines 
25 the azimuth from a difference between amplitude and/or phase of the received RB signal at 
the antennae. 

In some embodiments of the present invention, the at least one first unit comprises 
circuitry and apparatus that provides conventional cell phone telephony. Optionally, the at 
least one first unit comprises a common antenna for transmitting RB signals and for cell 
30 phone telephony functions. Optionally, the at least one first unit comprises a switch 
controllable to selectably, electrically connect the common antenna to the radio beacon 
circuitry or the cell phone circuitry. 
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In some embodiments of the present invention, the at least one second unit comprises 
circuitry and apparatus that provides conventional cell phone telephony. Optionally, the at 
least one second unit comprises a switch controllable to selectably, electrically connect the 
first antenna to the direction finding circuitry or the cell phone circuitry. 
5 In some embodiments of the present invention, the KB signals comprise a carrier wave 

and the at least one first unit and the at least one second unit comprise a filter that blocks 
electromagnetic energy at a frequency of the carrier wave from reaching the cell phone 
circuitry. 

hi some embodiments of the present invention, the direction finding circuitry 

10 determines a range for the first unit of the at least one unit responsive to the received RB 
signal. Optionally, the direction finding circuitry determines a DC level of the RB signal. 
Optionally, the controller determines the range responsive to magnitude of the DC level. The 
controller optionally, generates the display responsive to the determined range. 

In some embodiments of the present invention, the at least one second unit comprises 

15 circuitry for transmitting signals to the at least one first unit and the at least one first unit 
comprises circuitry for receiving signals transmitted by the at least one second unit. 

Optionally, a second unit of the at least one second unit transmits an interrogation 
signal responsive to which a first unit of the at least one first unit that receives the 
interrogation signal transmits an RB signal. Optionally, subsequent to transmitting the 

20 interrogation signal the second unit transmits at least one additional interrogation signal. 
Optionally, the at least one additional interrogation signal is transmitted following a delay 
period that begins after a last RB signal received by the second unit that is transmitted by the 
at least one first unit responsive to the preceding interrogation signal. In some embodiments of 
the present invention, each interrogation signal transmitted by the second unit comprises ID 

25 data specific to a user of the second unit. 

Optionally, each of the at least one first unit is programmable with preference data 
specific to a user of the first unit and if it receives an interrogation signal transmitted by the 
second unit it transmits an RB signal responsive thereto only if the ID data in the transmitted 
interrogation signal matches preference data with which it is programmed. 

30 hi some embodiments of the present invention, the transmitting circuitry of each first 

unit transmits its RB signal following a predetermined delay period after receipt of an 
interrogation signal. Optionally, the predetermined delay period for each first unit is chosen 
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from plurality of different delay periods so as to reduce a probability that any two of the first 
units that receive a same interrogation signal have a same delay period. Additionally or 
alternatively, the transmitting circuitry of the first unit dithers its predetermined delay period. 
In some embodiments of the present invention, each first unit is programmable so that 
5 RB signals transmitted by the first unit comprises ED data specific to a user of the first unit. 
Optionally, each unit of the at least one second unit is controllable by its user to transmit a 
signal comprising ID data that it receives in an RB signal from a given first unit whose 
location is indicated in the display, which given first unit is selectable by the user from the 
display. Optionally, the second unit is programmable with preference data specific to the 
10 second unit's user and wherein the location of a first unit is indicated on the screen only if ID 
data in the KB signal received from the first unit matches preference data with which it is 
programmed. 

In some embodiments of the present invention, the display indicating a position of a 
first unit comprises an icon representing the first unit displayed against a background of a 

15 radar screen and wherein a location of the icon on the radar screen corresponds to a location of 
the first unit relative to the orientation of the second unit. Optionally, a first unit of the at least 
one first unit is programmable so that RB signals that it transmits comprises data encoding at 
least one visual cue characteristic of the user of the first unit. Optionally, the controller of the 
at least one second unit displays on the screen, in association with an icon representing a first 

20 unit, a visual cue of the at least one visual cue encoded in an RB signal it receives from the 
first unit. 

In some embodiments of the present invention, the RB signals comprise a carrier wave 
having a frequency in a range from about 800 MHz to about 900 MHz. 

In some embodiments of the present invention, a second unit of the at least one second 
25 unit has an effective maximum range less than or equal to about 200 meters for receiving RB 
signals transmitted by a first unit that are useable to determine an azimuth for the first unit. 
Optionally, the maximum range is less than or equal to about 100 meters. Optionally, the 
maximum range is less than or equal to about 50 meters. 

There is further provided a communication system comprising: a plurality of cellular 
30 phones each of which comprises a display screen a GPS receiver that determines spatial 
coordinates for the phone's position and a transceiver for transmitting non-telephony signals; 
wherein the transceiver of a first phone of the plurality of phones is controllable to transmit an 
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interrogation signal responsive to which the transceiver of a second phone of the plurality of 
phones that receives the interrogation signal transmits a signal comprising GPS coordinates of 
the second phone; and if the first phone receives the signal transmitted by the second phone, it 
displays a position icon responsive to the GPS coordinates on the first phone's screen that 
5 indicates a location of the second phone. 

Optionally, each phone comprises a compass that generates signals responsive to a 
heading of an operator of the phone and wherein the second phone displays responsive to the 
compass signals, and together with the position icon, a heading icon indicating the heading of 
the second phone's operator. Optionally, the compass comprises a GPS compass. Additionally 
10 or alternatively, the compass comprises a magnetic compass. 

BRIEF DESCRIPTION OF FIGURES 
Non-limiting examples of embodiments of the present invention are described below 
with reference to figures attached hereto, which are listed following this paragraph. In the 
figures, identical structures, elements or parts that appear in more than one figure are generally 
15 labeled with a same numeral in all the figures in which they appear. Dimensions of 
components and features shown in the figures are chosen for convenience and clarity of 
presentation and are not necessarily shown to scale. 

Fig. 1 schematically shows a man operating a radar phone in a DF mode to transmit 
information to woman in his field of view whom he would like to meet, in accordance with an 
20 embodiment of the present invention; 

Fig. 2 schematically shows a block diagram of the radar phone DF circuitry comprised 
in the radar phone operating in the DF mode shown in Fig. 1, in accordance with an 
embodiment of the present invention; and 

Fig. 3 schematically shows a block diagram of RB circuitry comprised in a radar 
25 phone, such as that carried by the woman contacted by the man shown in Fig. 1, in accordance 
with an embodiment of the present invention; 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
Fig. 1 schematically shows a man 20 operating a radar phone 22 to transmit 
information to a woman in his field of view whom he would like to meet, in accordance with 
30 an embodiment of the present invention. 

Radar phone 22 comprises two antennae 24 and 26 and direction finding (DF) circuitry 
coupled to the antennae that enable the radar phone to locate the source of radio beacon (RB) 
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signals transmitted by radar phones operating in a radio beacon mode. Features of the 
direction finding circuitry and its integration with conventional cell phone circuitry comprised 
in radar phone 22 are presented below in the discussion of Fig. 2. 

Operator 20 has selected from a menu (not shown) in his radar phone 22 an option to 
5 operate the phone in a direction finding (DF) mode, hi the DF mode, radar phone 22 
periodically transmits an interrogation signal, schematically represented by dashed circles 25. 
Interrogation signal 25 is transmitted over a DF channel, which may for example be a 
frequency band that is a portion of the bandwidth used for conventional cellular telephony or 
an ISM band. The signal is, optionally, substantially non-directional and may readily be 

10 received in a neighborhood of operator 20 that includes at least a portion of the operator's field 
of view. Transmission of the interrogation signal is controlled by a controller (shown in Fig. 
2) in accordance with a DF transmission algorithm with which the controller is programmed. 

By way of example, three people 31, 32 and 33 carrying radar phones 41, 42 and 43 
respectively are located in the field of view of operator 20 and are operating in a radar beacon 

15 (RB) mode. Each phone 41, 42 and 43 is capable of operating in the RB mode but, optionally, 
not in the direction finding mode. As a result, each phone 41, 42 and 43 has a single antenna 
50 rather than two antennae, which are required for a radar phone in accordance with the 
invention to enable the radar phone to operate in the DF mode. Features of RB circuitry 
comprised in radar phones 41, 42 and 43 and integration of the circuitry with conventional cell 

20 phone circuitry comprised in the phones are presented below in the discussion of Fig. 3. 

In the RB mode each radar phone 41, 42 and 43 listens to its radio environment to 
detect presence of an interrogation signal. Upon detection of interrogation signal 25 
transmitted by radar phone 22, each radar phone 41, 42 and 43 attempts to respond to the 
interrogation signal with a transmission of an RB signal comprising a CW portion and ID data 

25 that identifies the phone. Transmission of the RB signal by a radar phone 41, 42 or 43 is 
controlled by a controller (Fig. 3) comprised in the cell phone in accordance with an RB 
transmission algorithm with which the controller is programmed. The RB transmission control 
algorithm for each radar phone 41, 42 and 43 optionally controls the radar phone to transmit 
its RB signal a predetermined number of times following an optionally fixed, predetermined 

30 delay period that begins, optionally, upon cessation of reception of interrogation signal 25. 
Optionally, each radar phone 41, 42 and 43 transmits its RB signal a same number of times 
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following reception of interrogation signal 25. Optionally, each radar phone transmits its RB 
signal once following reception of interrogation signal 25. 

In accordance with an embodiment of the present invention, the RB transmission 
control algorithm that controls RB signal transmissions by a radar phone is programmed with 
5 a delay period selected from a preferably large number of different delay periods. Delay 
periods for RB transmission control algorithms are selected to reduce a probability that two 
radar phones operating in an RB mode that receive a same interrogation signal are 
programmed with a same delay time. Optionally, the RB transmission algorithm for a radar 
phone operating in an RB mode dithers its programmed time delay. Dithering reduces a 

10 probability that two RB operating phones receiving a same interrogation signal and having, by 
chance, a same delay period will clash in attempting to respond to the interrogation signal. 

In addition, the RB transmission control algorithm for each radar phone 41, 42 and 43 
controls the radar phone to listen to its radio environment to detect RB signals transmitted by 
other radar phones operating in an RB mode. If, during its delay period a radar phone 41, 42 

15 or 43 detects an RB signal from another radar phone, the algorithm controls the phone to wait 
before transmitting its RB signal for a time equal to its delay period from a time at which the 
detected RB signal ends. 

As a result, in response to interrogation signal 25, radar phones-41, 42 and 43 transmit 
their respective RB signals, represented by concentric dashed circles 44, in sequence, one after 

20 the other in order of increasing length of their respective delay periods. Each RB signal 44 is 
substantially non-directional and comprises a CW transmission and, optionally in a header, 
data that identifies the phone 41, 42 or 43 transmitting the RB signal. 

The DF transmission algorithm that controls transmission of interrogation signals 44 
by radar phone 22 controls the phone so that once the phone transmits an interrogation signal 

25 25 it waits an "interrogation delay period" following reception of an RB signal 44 before 
transmitting another interrogation signal. The interrogation delay period is chosen sufficiently 
long so that radar phone 22 does not transmit a second interrogation signal 25 following a first 
interrogation signal 25 until generally all phones 41, 42 and 43 transmit their respective RB 
signals 44 responsive to the first interrogation signal. Optionally, the interrogation delay 

30 period is a predetermined constant time period. 

A portion, represented by a block arrow 46, of the energy from each RB signal 44 
transmitted by a radar phone 41, 42 and 43 is received by radar phone 22. The DF circuitry in 
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radar phone 22 uses the CW part of the received RB signal 44 from each radar phone 41, 42 
and 43 to determine an azimuth and range for the radar phone transmitting the KB signal. 
Azimuth angle is determined relative to a plane midway between antennae 24 and 25 
perpendicular to a plane that contains the antennae. A dashed line 28 indicates a line of 
5 intersection of the midway plane and the plane that contains the antennae. The DF circuitry 
transmits the determined azimuth and range for each radar phone 41, 42 and 43 to the 
controller comprised in radar phone 22. 

The controller in radar phone 22 uses the determined azimuth and range for each radar 
phone 41, 42 and 43 to display an icon, i.e. an RB icon, representing the phone on a display 

10 screen 48 of DF radar phone 22. A position of the RB icon on the screen corresponds to the 
location of the radar phone 41, 42 and 43 that it represents in the field of view of operator 20. 
Optionally, the icon is displayed against a background image of a radar screen as 
schematically shown in Fig. 1. Icons 51, 52 and 53 on display screen 48 represent respectively 
RB radar phones 41, 42 and 43. 

15 Of the three people 31, 32 and 33 in the field of view of operator 20, person 32 is a 

good-looking woman, whom the operator is interested in meeting but is too shy to approach 
directly. Operator 20 compares the positions of icons 5 1, 52 and 53 on display screen 48 with 
positions of people 31, 32 and 33 in his field of view and determines that icon 52 corresponds 
to woman 32. He composes an appropriate SMS message including data that optionally 

20 includes his cell phone number and personal information that he hopes will convince woman 
32 to use the cell phone number to call him. Operator 20 then selects icon 52 using any of 
various methods known in the art, such as by repeatedly pressing a button on radar phone 22 
to highlight each icon on display screen 48 in turn until icon 52 is highlighted. 

Upon selection of icon 52, operator 20 controls the DF circuitry comprised in DF 

25 mode radar phone 22 to transmit the SMS message, optionally over a same DF 
communication channel that is used to transmit interrogation signals 24 and RB signals 44. 
Optionally, the DF circuitry transmits the SMS message over a radio communication channel 
different from the DF channel. The different communication channel may be a dedicated 
channel for radio transmission of data between DF mode radar phone 22 and RB mode radar 

30 phones 41, 42, and 43. 

The SMS message is transmitted together with the ID data that identifies radar phone 
42 carried by woman 32, which ID data radar phone 22 received with RB signal 44 
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transmitted by the woman's radar phone 42. The transmitted SMS message is received by all 
RB mode phones 41, 42 and 43 in the field of view of operator 20. However, because the 
SMS message is coded with the ID of RB radar phone 22, only RB radar phone 42 stores the 
SMS message in a memory comprised in the phone. At her leisure, the woman will read 
5 messages that her phone has stored and, hopefully for operator 20, will be convinced by his 
message to contact him. 

Whereas in the above scenario operator 20 optionally transmits his SMS message to 
phone 42 over the DF channel, or another radio channel, in some situations the operator 20 
may transmit his message via a conventional cell telephony channel. For example, the ID data 

10 comprised in RB signal 44 transmitted by RB phone 42 may comprise, instead of an ID 
identifier of the RB phone, the cell phone number of the RB phone. In that case, operator 20 
can use his phone 22 to transmit his message via conventional cell telephony. 

It is noted that in the above example there are only three people in the field of view of 
operator 20 and he is readily able to associate RB icon 52 with woman 32 from the few RB 

15 icons displayed on screen 48 of his radar phone 22. In many situations however a person's 
field of view may be crowded and it can be more difficult to associate a given person with a 
given icon. 

In some situations an operator of DF mode phone may be aided in associating a 
particular icon with a given person he or she is interested in contacting by movement of the 

20 given person in the operators field of view. For example, if woman 32 was moving in a 
particular direction, operator 20 would be aided by corresponding motion of icon 52 on the 
screen of his radar phone that icon 52 corresponds to the woman. 

In some embodiments of the invention ID data comprised in RB signals 44 transmitted 
by radar phones operating in an RB mode comprise visual cue data that aid in determining 

25 which icons displayed on screen 48 belong to which people in the field of view of operator 20. 
For example, assume that woman 32 is a red head. She may program her radar phone 42 so 
that RB signals 44 transmitted by the phone comprises ID data indicating the color of her hair. 
Operator 20 may access, inter alia, visual cue data for each RB icon on his screen using 
suitable options provided by the controller in his radar phone 22. Assuming that other people 

30 in the immediate vicinity of woman 32 are not red heads, operator 20 can readily associate 
with woman 32 that icon on his screen whose ID comprises "red hair". Visual cue data can be 
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advantageous in crowded situations for which many people carrying KB mode phones 
responding to interrogation signals are located close to each other. 

In some embodiments of the present invention, interrogation signals transmitted by a 
DF phone may comprise ID data associated with the operator of the DF phone. An RB phone 
5 may be programmed by its owner to transmit an RB signal only if the ID data in the 
interrogation signal corresponds to the RB phone's personal preferences. For example, the ID 
data in an interrogation signal may include data indicating that the owner of the DF phone 
transmitting the interrogation signal is a smoker. The RB phone may be programmed to 
respond with an RB signal only to non-smokers. 
10 Interrogation signals may also comprise "preference data" responsive to which RB 

phones determine whether to transmit or not to transmit an RB signal, in accordance with an 
embodiment of the present invention. For example, an interrogation signal may indicate that 
an RB radar phone respond to the interrogation signal only if the RB phones owner in a non- 
smoker. 

15 Programming DF and RB radar phones with their users' preferences in accordance 

with an embodiment of the invention improves efficiency of "match-making" provided by the 
radar phones. In addition the preferences in general reduce a number of RB phones that 
respond to interrogation signals transmitted by a given DF phone in a given situation. As a 
result, the given DF phone's screen will in general be less cluttered, and a user of the DF 

20 phone will find it easier to associate of RB icons displayed on the screen with people in the 
user's field of view. 

In some situations, more than one person may be interested in operating a radar phone 
in a DF mode in a same region. RB signals transmitted by a radar phone operating in an RB 
mode are substantially non-directional. As a result, generally all radar phones of a plurality of 

25 radar phones operating in a DF mode in a same region will receive RB signals generated in 
response to an interrogation signal transmitted by any one of the DF mode radar phones. All 
the DF mode radar phones operating in the region will therefore be able to locate RB mode 
phones in the region that transmit RB signals responsive to the interrogation signals 
transmitted by the one DF mode radar phone. In general therefore, if a plurality of DF mode 

30 phones are operating in a same region, it is sufficient for a single one of the plurality of DF 
mode phones to transmit interrogation signals. 



12 



WO 03/100452 PCT/IL03/00438 

In accordance with an embodiment of the present invention, the DF algorithm in 
accordance with which DF operation of a DF mode radar phone is controlled suppresses 
transmission of interrogation signals by the radar phone if the phone senses interrogation 
signals are being transmitted by another DF mode phone. In some embodiments of the present 
5 invention a radar phone operating in a DF mode initiates transmission of interrogation signals 
if it does not sense an interrogation signal during a predetermined ''waiting" period. 

In some situations, the field of view of a first person operating a first radar phone in a 
DF mode may overlap but not be identical to the field of view of a second person operating a 
second DF phone in a DF mode. Transmission of interrogation signals by the first radar phone 
10 may prevent the second radar phone from transmitting interrogation signals resulting in the 
field of view of the second person not being satisfactorily covered by interrogation signal 
transmissions. 

In accordance with an embodiment of the invention, the second radar phone generates 
a signal to alert the second person that RB signals that the second phone receives are not 

15 generated responsive to interrogation signals transmitted by the second phone. Responsive to 
the signal the second person may control his or her phone to transmit an interrupt signal 
requesting that the first phone cease transmission of interrogation signals. In some 
embodiments of the invention, upon receipt of the interrupt request signal the first phone 
generates a signal to alert the first person to the interrupt request, responsive to which the first 

20 person may defer to the request. In deferring to the request, the first person may control the 
first phone to stop operating in the DF mode or operate in a DF mode without transmitting 
interrogation signals. 

In some embodiments of the invention a radar phone operating in a DF mode that 
receives an interrupt request automatically defers to the request and following an appropriate 

25 "interrupt delay" generates its own interrupt transmission requesting return of permission to 
transmit interrogation signals. In accordance with an embodiment of the invention, interrupt 
delays and interrogation delay periods of a plurality of radar phones operating in a same 
region in a DF mode are controlled so that the radar phones smoothly hand off one to the other 
the task of transmitting interrogation signals. 

30 Fig. 2 schematically shows a block diagram, in accordance with an embodiment of the 

present invention,, of component circuitry comprised in radar cell phone 22 operated by man 
20 in Fig. 1. Radar phone 22 comprises a cell phone front end 60 for transmitting and 



13 



WO 03/100452 PCT/IL03/00438 

receiving conventional cell phone telephone signals, a direction finding (DF) module 62 and a 
controller 64 connected to the front end and to the DF module. DF module 62 comprises a 
transceiver (not shown) for transmitting interrogation signals and receiving RB signals and 
direction finding circuitry for determining an azimuth and optionally a range for a radar phone 
5 transmitting an RB signal. 

Cell phone front end 60 is permanently connected to antenna 26 and DF module 62 is 
permanently connected to antenna 24. DF module 62 is also connected to a switch 66, 
optionally via a narrow band filter 68. Switch 66 is controllable by controller 64 to selectably 
connect and disconnect DF module 62 (via filter 66) to antenna 66. Narrow band filter 68 

10 substantially blocks cell telephony signals and transmits signals in the DF communication 
channel. Filter 68 substantially prevents DF module 62 from receiving energy from cell 
telephony signals received at antenna 26 and reduces loading of antenna 26 at cell telephony 
signal frequencies when switch 66 connects DF module 62 to the antenna. Controller 64 and 
front end 60 comprise conventional telephony circuitry and operate to provide conventional 

15 cell telephony communications. In the DF mode, controller 64 controls switch 66 to connect 
DF module 62 to antenna 26 and controls the DF module to transmit interrogation signals 25 
and receive radar beacon signals 44 as described above. 

Optionally, the direction finding circuitry in DF module 62 is Watson-Watt direction 
finding circuitry. Prior art Watson-Watt direction finders conventionally require antennae 

20 coupled to a relatively large ground plane having dimensions that would appear to prohibit 
incorporating a Watson- Watt direction finder in a cell-phone shell having acceptable and 
convenient dimensions. Watson-Watt direction finders and the theory of operation of 
conventional Watson- Watt direction finders are discussed in an article entitled "Basics of the 
Watson-Watt Radio Direction Finding Technique", Web Note WN-002, provided by RDF 

25 Products of the U.S.; [online]; [retrieved -on May 23, 2003]; retrieved from the internet 
<URL:www.rd^)roducts.com>, the disclosure of which is incorporated herein by reference. In 
spite of prior art convention, the inventors have found that it is possible to provide a Watson- 
Watt direction finder having antennae coupled to a relatively small ground plane, which has 
dimensions suitable for packaging in a conventional cell phone shell. In Fig. 2, antennae 24 

30 and 26 of cellphone 22 are coupled to a relatively small ground plane schematically indicated 
by dashed line 70. 
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To provide a relatively small Watson-Watt direction finder, in accordance with an 
embodiment of the present invention, preferably direction-finding signals are transmitted at 
relatively high frequencies. For example, DF signals transmitted with carrier frequencies close 
to carrier frequencies in the ISM (800 MHz - 900MHz) bands are suitable for operating a 
5 Watson- Watt direction finder small enough to be conveniently incorporated in a cell-phone 
shell. The inventors have found that such a small "high frequency" Watson-Watt direction 
finder can be configured to provide satisfactory azimuth and range data for RB phones 
operating in a range from about 5 meters to about 100 meters from a DF phone comprising the 
Watson- Watt direction finder. 

10 The above noted maximum range limitation of the Watson-Watt direction finder is 

determined substantially by a maximum power allowed for transmission of signals over the 
ISM band. Ranges in excess of 100 meters for reception of RB and interrogation signals are 
possible provided the signals are transmitted at appropriate power levels. For typical use such 
as indoors in a room or lecture hall, or outdoor use for example at a lawn party, a maximum * 

15 operating range of 50 or 100 meters is generally satisfactory. 

In accordance with an embodiment of the invention, the Watson- Watt direction finder 
operates with two antennae, antennae 24 and 26. Optionally, a difference in signal attenuation 
over leads that connect antennae 24 and 26 to DF module 62 is less than about 0.3 dB. 
Optionally, the difference in signal attenuation is less than about 0.2 dB. Optionally, the 

20 difference in signal attenuation is less than about 0. 1 dB. 

DF module 62 determines azimuth for an RB phone 41, 42 or 43 responsive to a 
difference between the phase and/or amplitude of RB signal 44 received from the RB phone at 
antennae 24 and 26. Optionally, DF module 62 determines a DC level of the received RB 
signal and determines a range for the RB phone responsive to the DC level. The range and 

25 azimuth determined for an RB phone are transmitted to controller 64, which uses the azimuth 
and optionally the range to display an icon representing the radar phone transmitting the RB 
signal on display screen 48 of radar phone 22. 

Typical Watson- Watt direction finders coupled to two antennae comprise one quarter 
wavelength antennae spaced apart by about a half carrier wave wavelength. Direction finding 

30 is achieved by rotating the antennae to locate a direction in which a difference in a signal 
phase or amplitude at the two antennae are a minim um. A direction, i.e. azimuth, at which the 
difference is a minimum, is a direction along which the source of the signal is located. Such 
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Watson-Watt direction finders have a relatively narrow azimuth angle dynamic range and can 
function satisfactorily with the narrow dynamic range because the antennae are rotated. In 
general, they have an effective dynamic range of about 30° and are sensitive to azimuth 
changes in the location of a signal source in a range of angles between about 15° on either 
5 side of, a plane midway between the antennae and perpendicular to a plane that contains the 
antennae. 

A field of view of a person generally extends in azimuth from about 90° to the right of 
a person to about 90° to the left of the person. For a direction finder, in accordance with the 
invention that displays locations of RB phones in a field of view of a person, it is 

10 advantageous for the direction finder to have an effective azimuth angle dynamic range larger 
than the typical dynamic range of prior art Watson- Watt direction finders. 

The inventors have found that an antennae configuration for a Watson-Watt direction 
finder in which the antennae are shorter and more closely spaced than in a conventional prior 
art Watson-Watt direction finder provides increased azimuth angle dynamic range for the 

15 direction finder. In particular, for the ISM frequencies (800 MHz - 900MHz), electrical 
lengths of antenna 24 and 26 are advantageously less than about one fifth of the wavelength of 
an RB signal carrier wave and are spaced apart by less than about one fifth of the carrier 
wavelength. Preferably, the electrical lengths of antennae 24 and 26 are equal to about one 
sixth the wavelength of the carrier wave and are spaced apart by a distance equal to about one 

20 eighth the carrier wavelength. For the ISM frequencies and the relatively short and closely 
spaced antennae 24 and 26, a difference in amplitude of an RB signal received at antennae 24 
and 26 from an RB phone is substantially linear with azimuth of the RB phone's location for a 
range of azimuths greater than the azimuth dynamic range of most conventional Watson- 
Watts configurations. The inventors have found that for a person holding a DF cell phone 

25 relatively perpendicular to the ground and between about 25 and 40 centimeters from his or 
her body, the azimuth may be substantially linear with amplitude difference for azimuths 
between about -60° to about + 60°. In some instances the linear range may extend from about 
-90° to about +90°. (The slope of the substantially linear relationship between azimuth and 
amplitude difference for azimuths from 0° to about -60° or -90° is opposite to the slope of 

30 the relationship between 0° and about +60° or +90°-) 

In addition to the advantages of increased azimuth angle dynamic range, the inventors 
have also found that for the relatively short and closely spaced antennae 24 and 26, sensitivity 
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of azimuths and ranges determined by DF module 62 to orientation of DF cell phone 22 is 
reduced." That is, direction finding is relatively less sensitive to how accurately cell phone 22 
in Fig. 1 is held with antennae 24 and 26 perpendicular to the ground. 

It is noted that a Watson- Watt direction finder coupled to two antennae does not 
5 distinguished between the location of signal sources that are mirror images of each other in a 
plane in which the antennae are located. For example, using the hours of a clock to indicate 
direction, assume that the plane containing antennae 24 and 26 are perpendicular to the face of 
the clock and intersects 3 o'clock and 9 o'clock. Assume further that the face of the clock is 
parallel to the ground so that antennae 24 and 26 and axis 28 (Fig. 1) are perpendicular to the 

10 ground. An RB phone at 12 o'clock and an RB phone at 6 o'clock would have RB icons at a 
same position on screen 48 (Fig, 1). Similarly, RB phones at 2 o'clock and at 4 o'clock would 
have icons at a same location on screen 48. Mirror image RB phones may be distinguished by 
operator 20 rotating his phone about axis 28 (Fig. 1). The RB phones at 12 and 2 o'clock will 
move right and the RB phones at 4 and 6 o'clock will move left. 

15 Since cell phone front end 60 is permanently connected to antenna 26 radar phone 22 

is always able to receive incoming telephony signals and by default, optionally, controller 64 
controls circuitry in the radar phone so telephony functions override all DF functions of the 
radar phone. For example, if a telephony signal is received by radar phone 22 the radar phone 
interrupts DF mode functioning of the phone that maybe in progress and controls switch 66 to 

20 disconnect DF module 62 from antenna 26. It is noted, that since filter 68 substantially blocks 
telephony signals. DF module 62 substantially does not interfere with incoming or outgoing 
telephony signals received or transmitted respectively via antenna 26. 

Fig. 3 schematically shows a block diagram of component circuitry comprised in radar 
phone 41 as well as in radar phones 42 and 43 (Fig. 1). Radar phone 41 comprises a cell 

25 phone front end 60 for transmitting and receiving conventional cell phone telephone signals, 
an RF transceiver 72 and a controller 64 connected to the front end and to the transceiver. 

Since radar phone 41, optionally operates only in an RB mode (and of course a 
conventional telephony mode), as noted above the radar phone does not require two antennae 
and has only a single antenna 26. Single antenna 26 supports both conventional cell telephony 

30 and radio beacon modes. Similarly, to circuitry in radar phone 22, radar phone 41 comprises a 
cell phone front end 60 and controller 64 that support conventional cell phone telephony. Cell 
phone front end is permanently connected to antenna 26. Optionally, a narrow band filter 68) 
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protects RF transceiver 72 and substantially prevents the transceiver from receiving energy 
from energy comprised in telephony signals. 

Similarly to DF module 62 in cell phone 22 transceiver 72 is connected to a switch 66 
optionally via a narrow band filter 68. Switch 66 is controlled by controller 64 to selectably 
5 connect and disconnect transceiver 72 from antenna 26. La the RB mode, controller 64 
controls switch 66 to connect transceiver 72 to antenna 26 and controls the transceiver to 
transmit radar beacon signals 44 over the DF channel in response to received interrogation 
signals 25 as described above. 

In the above description radar phone 22 is described as operating in a DF mode and 

10 radar phones 41, 42 and 43 are described as operating in an RB mode but not having 
capability of operating in a DF mode. In some Qmbodiments of the invention a radar phone 
may selectively be operable in either a DF mode or an RB mode. For example, a radar phone 
such as radar phone 22 having a DF module and capable of operating in a DF mode may also 
be operable in an RB mode. In the RB mode controller 64 disconnects DF module 62 from 

15 antenna 26 and receives interrogation signals via antenna 24 and the RF transceiver comprised 
in the DF module. Controller 64 controls the RF transceiver to transmit RB signals in 
response to received interrogation signals in accordance with an RB transmission algorithm as 
described above. 

It is noted that direction finding module 62 and radio beacon circuitry 72, i.e. RF 
20 transceiver 72, are comprised in cell phones having circuitry used for conventional cell phone 
telephony. The present- invention is not limited to direction finding circuitry incorporated in 
cell phones and direction finding circuitry in accordance with an embodiment of the present 
invention may be used independently of cell phones and cell phone circuitry. 

A hand-holdable direction finding communication unit, in accordance with an 
25 embodiment of the present invention, may for example comprise direction finding 
components and features similar to those found in cell phone 22 but not circuitry that provides 
conventional cell phone telephony functions (e.g. cell phone front end 60). A radio beacon 
communication unit, in accordance with an embodiment of the present invention, may 
similarly comprise components and features comprised in RB phone 41 but not circuitry for 
30 cell telephony functions. Similarly to communication between radar phones described above, 
transmission of data and SMS messages between direction finding units, hereinafter "DF 
units", and radio beacon units, hereinafter "RB units", may be provided over a same a DF 
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communication channel used for direction finding or over a dedicated radio transmission 
channel. 

By way of example of a use of DF and RB units that do not comprise telephony 
functions, such units may be handed out at a convention or ceremony to facilitate 
5 communication and contact between people attending the convention or ceremony. Since, as 
in the case of DF phones, which can also optionally function as RB phones, DF units can 
optionally also function as RB units arid it may be expected that at a ceremony or convention 
only DF units that also function as RB units may be handed out. 

By way of another example, DF and RB units may also be used for functions that do 

10 not involve only people. For example, a bird or moose hunter who hunts with dogs generally 
wants to known where his dogs are but may not be able to maintain visual contact with the 
dogs. Systems for tracking a hunter's dogs are known in the art. Pointer Position Solutions of 
Finland markets a system that enables a hunter who operates a handheld direction finder to 
determine an azimuth of a dog wearing a transmitter that transmits a radio beacon. The 

15 direction finder comprises circuitry for receiving the radio beacon and indicating strength of 
the received radio beacon signal. The hunter rotates the direction finder until the signal 
strength that it indicates is a maximum. A direction in which the direction finder points when 
the maximum is indicated is an azimuth of the dog. It is noted that the direction finder 
determines magnitude of a radio beacon signal transmitted from the dog f s transmitter but not 

20 an azimuth for the dog. The hunter determines the azimuth from the direction in which the 
radio beacon signal is a maximum. The direction finder may be used to track up to two dogs 
but "switches" between the dogs and tracks only one dog at a time. 

The company also markets a direction finding system for locating dogs using GPS. A 
hunter carries a GSM phone comprising a GPS-map navigator. A dog being tracked by the 

25 system wears a GSM/GPS transceiver that determines the dog's position using GPS satellite 
signal and transmits the position via a GSM cell telephony network to the hunter's phone. The 
dog's position may be displayed against a background map of a region in which the hunter and 
dog are hunting. Because a GPS receiver requires a direct line of sight between the receiver 
and at least three GPS satellites in order to determine its position, the system will not be able 

30 to update the dog's location for locations for which the three lines of sight do not exist. For 
example, if a dog being tracked wanders into a barn or thick underbrush the system will 
generally not be able to update the dog's position. For the same reason the Pointer dog-GPS 
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system not is advantageously used for indoor tracking of pets. Pointer products are described 
in the company's product data sheets [online]; [retrieved on May 20, 2003]; retrieved from the 
internet <URL:www.pomtersolutions.com>. 

A dog tracking system that comprises DF and RB units in accordance with the present 
5 invention on the other hand may be used to provide a hunter with an azimuth and range for 
each of a plurality of greater than two dogs and can also operate indoors. For example, an RB 
unit may be mounted to each of the hunter's dogs and the hunter may operate a DF unit to 
determine an azimuth and range for each of the dogs from the radio beacon transmitted by the 
dog's RB unit. The azimuths and ranges for the dogs are used to display the positions of the 

10 dogs on the DF units "radar screen". For locating dogs in a typical hunting environment it may 
be advantageous to transmit RB signals at power levels that enable effective detection of the 
signals at ranges in excess of 100 meters. For example a range of about 200 meters may be 
advantageous. To aid in identifying each dog, the DF unit may generate a different RB icon on 
the screen of the DF unit for each dog responsive to ID data comprised in RB signals 

1 5 transmitted by the RB unit attached to the dog. 

In some embodiments of a "direction finding" communication system in accordance 
with the invention, cell phones used in the system comprise GPS receivers to identify and 
determine locations of persons. In addition, the cell phones comprise a communication 
transceiver for transmitting non-telephony signals and optionally a magnetic compass and/or a 

20 GPS compass. Optionally the transceiver is an RF transceiver. Optionally the transceiver is a 
blue tooth transceiver. The GPS receiver in a cell phone determines and periodically updates 
its position, and thereby that of its operator, responsive to signals received from GPS 
satellites. The compass in a cell phone is used for determining a heading of the phone's 
operator. Each phone may selectably be operated in a "direction query" (DQ) mode or in a 

25 "query response" (QR) mode. 

If a first person, such as for example operator 20 in Fig. 1, wants to access a second 
person, such as woman 32, the first person controls his phone to operate in the DQ mode. In 
the DQ mode, the transceiver in the first person's phone transmits non-directional 
interrogation signals, which are received by phones carried by people operating in a QR mode 

30 and that are within range of the transceiver. 

Interrogation signals transmitted by the DQ phone are similar to interrogation signals 
transmitted by a DF phone, (e.g. DF phone 22) described above and may comprise any of the 
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data and/or configurations of data, such as for example ID and/or preference data, comprised 
by interrogation signals transmitted by the DF phone. A QR phone that receives the 
interrogation signals may respond by controlling its transceiver to transmit non-directional QR 
signals. A decision of the QR phone whether or not to respond to the interrogation signals is 
optionally determined similarly to a manner in which a DF phone determines whether or not 
to respond to an interrogation signal. For example the QR phone optionally determines 
whether to respond to the interrogation signals responsive to data comprised in the 
interrogation signals and preferences with which the QR phone is programmed. Timing of 
transmission of interrogation signals transmitted by DQ phones and transmission of QR 
signals in response to the interrogation signals by QR phones is optionally controlled similarly 
to the way timing of transmission of DF and RB signals is controlled. 

QR signals transmitted by the QR phone optionally comprise data and/or 
configurations of data, such as ID data and preference data that is comprised in RB signals 
transmitted by RB phones described above. In addition however, the QR signals comprise 
spatial coordinates determined by the QR phone's GPS receiver. The DQ phone uses the GPS 
coordinates comprised in QR signals that it receives to display on the DQ phone's display 
screen, "position icons" representing the QR phones that transmit the QR signals. An icon 
representing a QR phone has a location on the DQ phone's display screen that is homologous 
with the actual spatial location of the QR phone. 

To aid the first person operating the DQ phone in detennining positions of the 
responding QR phones relative to his or her own position, the DQ phone displays, together 
with the position icons, the first person's heading. The heading is determined responsive to 
data generated by the DQ phone's magnetic and/or GPS compass. Optionally, the position 
icons are displayed against a background of a radar screen. Optionally, the position icons are 
displayed against a background of a map of the first person's surroundings. 

The first person uses the display of position icons on his DQ phone's display screen to 
identify a person, e.g. woman 32, whom he would like to contact, similarly to the way in 
which operator 20 uses the display on DF phone 22 (Fig. 1). Transmission of information to 
the person of his choice is accomplished by RF transmission using the DF phone's transceiver 
and/or by telephony transmission, as described above. 

In the description and claims of the present application, each of the verbs, "comprise" 
"include" and "have", and conjugates thereof, are used to indicate that the object or objects of 
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the verb are not necessarily a complete listing of members, components, elements or parts of 
the subject or subjects of the verb. 

The present invention has been described using detailed descriptions of embodiments 
thereof that are provided by way of example and are not intended to limit the scope of the 
invention. The described embodiments comprise different features, not all of which are 
required in all embodiments of the invention. Some embodiments of the present invention 
utilize only some of the features or possible combinations of the features. Variations of 
embodiments of the present invention that are described and embodiments of the present 
invention comprising different combinations of features noted in the described embodiments 
will occur to persons of the art. The scope of the invention is limited only by the following 
claims. 
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